A retrospective review was made of 139 clinically stable patients who had sustained penetrating trauma to the face and neck. The study was done to learn more about the indications for angiography and the impact of angiography upon patient management. Some relationship between the physical examination and the angiographic findings was found. In the presence of anyone of four physical signs or symptoms (absent pulse, bruit, hematoma, or alteration of neurologic status) there was a 30% incidence of vascular injury. However, it is unlikely that a clinically significant traumatic vascular lesion will be missed if angiography is not obtained when these clinical signs and symptoms are not present. In the group of 78 patients who presented with only a wound penetrating the ' platysma and no other findings or symptoms, just two had vascular injuries on angiograms; one of these lesions was minor and the other did not affect the patient's management. There was a substantially higher rate (50%) of vascular injury in patients with trauma cephalad to the angle of the mandible compared with 11 % of patients who had neck trauma. Gunshot wounds were associated with vascular damage more frequently than were stab wounds.
Penetrating Vascular Injuries of the Face and Neck: Clinical and Angiographic Correlation
A retrospective review was made of 139 clinically stable patients who had sustained penetrating trauma to the face and neck. The study was done to learn more about the indications for angiography and the impact of angiography upon patient management. Some relationship between the physical examination and the angiographic findings was found. In the presence of anyone of four physical signs or symptoms (absent pulse, bruit, hematoma, or alteration of neurologic status) there was a 30% incidence of vascular injury. However, it is unlikely that a clinically significant traumatic vascular lesion will be missed if angiography is not obtained when these clinical signs and symptoms are not present. In the group of 78 patients who presented with only a wound penetrating the ' platysma and no other findings or symptoms, just two had vascular injuries on angiograms; one of these lesions was minor and the other did not affect the patient's management. There was a substantially higher rate (50%) of vascular injury in patients with trauma cephalad to the angle of the mandible compared with 11 % of patients who had neck trauma. Gunshot wounds were associated with vascular damage more frequently than were stab wounds.
Angiography is often performed in penetrating trauma to the head and neck to evaluate the possibility of vascular injury and to aid in planning appropriate management [1] . Nonetheless, the role of angiography in penetrating head and neck trauma has remained controversial. Some authors have advocated surgical exploration of all cases of penetrating wounds to the neck and face [2] [3] [4] while others have used angiography routinely in all cases in order to reduce the number of unnecessary surgical procedures [5, 6] . Angiography, however, is not completely without risk [7] , and a more selective policy would be desirable. We retrospectively reviewed a consecutive series of 139 angiograms performed during an 18-month period and correlated the results of those studies with the clinical findings and outcome. The purpose of our study was to establish guidelines for performing angiography and to determine the impact of angiography upon patient management.
Subjects and Methods
We retrospectively reviewed the cases of 139 consecutive patients with neck and face trauma who underwent angiography of the brachiocephalic vessels from January 1, 1983, through June 30, 1984. The patients' ages ranged from 12 to 72 years with a mean age of 26 years. There were 135 male patients and 4 female patients . All the patients had been stabilized in the trauma admitting area prior to being referred for angiography. Therefore, our patient population excluded those so critically ill they required immediate exploration and those who succumbed to their trauma in the admitting area.
Angiograms were performed with percutaneous transfemoral technique. The filming sequence routinely included two exposures per second for 4 sec, followed by one exposure per second for 8 sec to facilitate visualization of the jugular veins. There were nine aortic arch studies and 130 selective angiograms . The latter included 84 left carotid , 55 right carotid , 26 AJNR :7, September/October 1986 left vertebral , 10 right vertebral, and 11 subclavian artery angiograms. Selective angiography was performed on the basis of location and path of the penetrating wound .
All angiograms were reviewed by staff neuroradiologists who had no knowledge of the details of the patients' clinical status. Two patients had minor complications of angiography; one had a transient diminution of the dorsalis pedis pulse, which resolved within 2 hr, and the other had a large hematoma at the puncture site. Observations made and data collected in 139 patients were tabulated according to the weapon used, the side and anatomic location involved, the symptomatology and physical findings resulting from the injury, the angiographic findings , and the management of the patient.
Results
Of the 139 patients, 62 sustained gunshot wounds and 77 sustained stab woulds . Fifty-five of the 77 patients sustaining stab wounds were injured on their left side, whereas gunshot wounds were evenly distributed between the left and right sides. Seventeen patients with gunshot wounds and six patients with stab wounds had positive angiographic findings . Trauma to the neck occurred in 119 patients, while 20 patients sustained facial trauma. Penetrating trauma above the angle of the jaw and to the face was associated with a higher frequency of abnormal angiographic findings (10 of 20 patients, or 50%) compared with neck trauma (13 of 119 patients, or 11 %).
One hundred sixteen of the 139 patients had normal angiograms . Of the remaining 23 patients with abnormal angiograms, 12 sustained vascular injuries affecting or potentially affecting cerebral hemodynamics. This included entities such as arterial lacerations , narrowing and occlusions, arteriovenous fistulae , and a pseudoaneurysm (Fig. 1) . Two patients had internal jugular vein lacerations. In these two patients compression of the internal jugular vein by hematoma was seen but the lacerations themselves were not apparent on the angiograms (Fig . 2) . Seven patients had lesions affecting the external carotid circulation (four patients had branch occlusions of the external carotid that were clinically insignificant), one patient had a subclavian arteriovenous fistula associated with a large pseudoaneurysm (Fig . 3 ), and one patient had an injury to the thyrocervical trunk with fistulization into the jugular vein (Fig. 4) .
Clinical data on the 139 patients is correlated with angiographic findings in the following paragraphs. One group of patients had no signs or symptoms other than the wound itself. The remaining patients had various combinations of loss of consciousness or neurologic deficits, decreased or absent carotid pulses, bruits, or clinically detectable hematomas at the site of injury. It is important to note that some of the patients had more than one sign or symptom, and various clinical presentations overlapped.
Fifty-eight patients had clinically detectable hematomas at the site of injury. Among the 58 patients with hematoma, 44 presented with only the hematoma ( Table 1 ). In the other 14 patients, the hematoma was associated with various combinations of other clinical findings, such as loss of consciousness, neurologic deficits, decreased or absent carotid pulses, or bruits (Table 2 ). In the total group of 58 patients with hematomas, 50 had a stable hematoma and eight had expanding hematomas. Of the 50 patients with stable hematomas, 16 had abnormal angiograms; of the eight patients with expanding hematomas, four had abnormal angiograms (Table   3) .
Eighty-one patients had no hematoma at the site of injury (Table 4) . Two of these patients presented with neurologic deficit (both had cranial nerve palsies and normal angiograms) and one patient presented with a bruit (this patient had a thyrocervical trunk-internal jugular vein fistula) . The remain- Fig. 1 .-26-year-old man with expanding hematoma due to gunshot wound to right side of neck. Lateral projection of a common carotid angiogram shows pseudoaneurysm (arrows) of right internal carotid artery projecting anteriorly from its uppermost cervical portion. A Selverstone clamp was placed over the internal carotid artery followed by ligation 2 days later. ing 78 patients had no signs or symptoms other than the wound itself. Of these 78, only two had abnormalities on angiograms while the remaining 76 had normal studies. Neither of the two patients with positive angiograms had clinical signs or symptoms of major significance; one, however, did have occlusion of a vertebral artery and the other patient had only an occlusion of an occipital artery. Eleven patients had either loss of consciousness or neurologic deficits; nine of these patients had a hematoma (Table  2 ) and two did not (Table 4 ). In two patients with loss of consciousness, one had occlusion of the internal carotid and the other had a carotid cavernous fistula. In three patients, angiograms revealed injuries of external carotid artery branches. One of these had a peripheral facial nerve palsy, a 4 3)
1 embolized 1 carotid cavernous fistula mandibular fracture, and an occlusion of the facial artery; another patient had a peripheral facial nerve palsy associated with extravasation from the internal maxillary artery; and a third patient had an occipital artery occlusion (this patient had loss of consciousness after cardiopulmonary arrest). In the remaining six patients, the angiograms were normal and the loss of consciousness or neurologic deficits were attributed to direct injuries to the nervous system . Three patients had decreased or absent carotid pulses detected by physical examination . One of them had an intimal tear and laceration of the internal carotid artery while the other two had a total occlusion of the internal carotid artery.
Four patients had bruits on physical examination. One of these had a carotid-cavernous fistula, another had an arteriovenous fistula between the thyrocervical trunk and the internal jugular vein, and a third patient had a pseudoaneurysm of the subclavian artery with fistu lization into the subclavian vein . The fourth patient with a bruit had a normal angiogram.
The 139 cases were managed as follows: (1) Twenty-three patients had abnormal angiograms. Of these, nine were observed , 10 underwent exploration (two of these 10 patients had internal jugular vein lacerations found at surgery with angiographic abnormalities noted only retrospectively), and four had intraarterial embolization. (2) Ten additional patients also had surgery despite normal angiography because they sustained injuries or were suspected of having other injuries to the face and upper respiratory or digestive tracts . Four of these had a negative exploration with no such injuries. (3) The other 106 patients had normal angiograms and conservative management. Overall, 115 patients (83%) were just observed. Of the remaining 24 patients, only nine (6 .5%) were explored or embolized as a result of what was found at angiography. The other 15 patients were operated on for nonvascular injuries.
Discussion
Since World War II, there has been a great deal of controversy over the management of penetrating injuries to the head and neck [2] [3] [4] [5] [6] [8] [9] [10] [11] .ln recent years, the concept of selective exploration seems to be replacing the earlier dictum of mandatory exploration of penetrating wounds [5, 6, [9] [10] [11] . In contrast to certain earlier opinions [4 , 11] , our work suggests some relationship between the clinical situation and the results of angiography. For example, in our series, there were 78 patients who presented with a wound penetrating the platysma but with no other clinical abnormalities. These patients had normal angiograms, except for two who had lesions that did not affect their management. Therefore, there appears to be a rational basis for using the clinical assessment as a guide when conSidering angiographic evaluation. In our series, 14% of patients with penetrating wounds underwent surgical exploration . Compared with earlier reports [2] [3] [4] [5] [6] [9] [10] [11] [12] [13] , this is a significantly lower exploration rate. It should be kept in mind that our study included only stable patients who were referred for angiography; critically ill patients requiring immediate exploration were not part of the patient population described in this report.
It is interesting that stab wounds of the neck were associated with a relatively low incidence of significant vascular abnormalities at angiography; approximately 92% of these patients had a normal angiogram . Even with gunshot wounds to the neck, there was a 73% rate of negative angiographic studies.
In the group of 11 patients with loss of consciousness or neurologic findings , angiography revealed vascular injuries (significant with respect to the cerebral circulation) in only two patients. Direct injury to the nervous system accounted for the symptoms and findings in eight patients in this group, while one other patient had a cardiopulmonary arrest. However, in instances where neurologic abnormalities have a delayed onset after trauma (particularly when cranial CT fails to show intracranial lesions that can explain the patient's new findings) , emergency cerebral angiography should be considered to search for a correctable vascular lesion.
Four of five patients with occlusions of the carotid and/or vertebral arteries had no evidence of cerebral ischemia because of collateral blood flow via the circle of Willis . These patients were managed conservatively.
The anatomic location of trauma to the neck has been divided into three zones [3, 4, 13] : zone I is the area below the level of the cricoid cartilage, zone II is between the cricoid and the angle of the mandible, and zone III is above the angle of the mandible. In this series there was a substantially higher rate of significant angiographic abnormalities in patients with trauma cephalad to the angle of the mandible. Fifty percent of angiograms were abnormal with injuries above the angle of the mandible compared with 11 % below.
In view of the two cases of internal jugular vein lacerations where abnormalities were not initially detected at the time of angiography, subtraction films might be useful for the venous phase as well as the arterial phase to enable optimum diagnosis, even though most surgeons would not explore for an isolated venous laceration. The literature indicates that more venous than arterial injuries have been noted at exploration [2, 9, 11 , 12] . In a series of 625 patients explored because of penetrating neck injuries, there was a 53% incidence of vascular injuries. Involvement of the venous system was noted in 61 % of the vascular injuries [9] . It seems certain that many of these venous injuries are not detected on angiograms.
In our study, angiography had an impact on patient management. The exploration rate in this series was significantly lower than in earlier reports; a negative angiogram limited explorations in search of vascular traumatic lesions. Our experience also suggests that angiography is not necessary when there are no symptoms or signs other than the wound itself. One cannot be absolutely certain in such instances that a dissection or other vascular lesion is not present; however, the risk of missing a significant lesion with resultant serious harm to the patient is probably less than the potential risk of angiography itself. Although additional experience may further modify the use of angiography in such cases , we have shown that a clinically significant vascular lesion is unlikely under such circumstances .
